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Characterizing the Single-Photon State:
Parametric Downconversion with Single-Photon Sensitivity
S. Lee Field1 and A. H. La Rosa1
Portland State University
(*Electronic mail: fieldlee@pdx.edu.)
(Dated: 15 August 2022)

Coincidence-counting and spontaneous parametric downconversion are central to quantum mechanical experimentation but have remained largely out of reach of undergraduate physics instructors. This thesis summarizes the theory behind light polarization, spontaneous parametric downconversion, birefringent refractive
indices, and an affordable self-contained photon coincidence counting unit (CCU). A method for implementing a CCU to demonstrate downconversion is presented, and empirical results are provided.
I.

INTRODUCTION

Traditionally, exposing advanced quantum mechanical experimentation to undergraduates was confined to
universities with exceptionally large budgets. With advances in laser technology and methods of production
of quantum entanglement the cost dropped significantly.
Coincidence counting, or being able to tell with high
precision whether two particles arrive at detectors at the
same time, is essential to introductory quantum mechanical experimentation. The device used to count coincedences, a nuclear instrumentation module (NIM), was
still required–an expensive and difficult-to-use component. In 2008, Branning et al. designed and constructed
a coincidence-counting module that made use of logical AND gates1 . This reduced the cost from about
$10,000 in parts alone to under $400. Beck’s group
later implemented this CCM with a field programmable
gate array (FPGA), obviating the need for an expensive
counter/timer board, that further reduced the cost. Here
we used a similar system to begin demonstrating quantum mechanical effects, starting with spontaneous paramentric downconversion.

II.

EXPERIMENTAL DESIGN AND THEORY

A.

Polarization of Light

In most everyday experience, light is unpolarized.
That is to say, the oscillations of the electric fields perpendicular to its direction of propagation are randomly
oriented for each individual phonon that comprises a
light beam. This is true also for the pump beam laser
used here. To demonstrate downconversion, however,
linearly polarized light is required. To achieve this, the
laser beam is directed through a Glan-Taylor calcite
polarizer. The polarizer consists of two Glan-Taylor
prisms2 , first described by Archard et al. in 1948,
separated by a small air gap. Calcite is birefringent; light
experiences different refractive indices depending on

its polarization when entering and exiting calcite. Due
to the angles at which they are cut, in conjunction the
prisms refract the extraordinary ray twice, which then
exits the polarizer in the direction of the original ray.
The ordinary ray is diverted out the side. This results in
vertically polarized light exiting the polarizer.

B.

Spontaneous Parametric Downconversion

Downconversion occurs when a single photon splits
in two. Stimulated downconversion is driven by the
interaction of multiple photons: preexisting signal and
idler beams driving the downconversion. In contrast,
spontaneous downconversion happens anywhere within
the crystal, without any other photonic interaction. In
a sense the crystal does not experience an interaction
either; the process is parametric and does not change the
quantum state of the material.
Using a nonlinear crystal, in this case a β -Barium Borate (BBO) crystal, it is possible to convert a single photon into two photons. The beam that enters the crystal is
referred to as the pump beam. Most of the pump beam
also exits the crystal. Using Planck’s equation for a laser
with power P = 125mW and wavelength λ = 404nm, we
expect the number of photons produced per second to be
P Pλ
=
E
hc
(0.125W )(4.04 × 10−7 m)
(6.63 × 10−34 J · s)(3.00 × 108 ms )
photons
.
= 2.54 × 1017
s
=

(1)
(2)
(3)

For comparison, the maximum continuous count rate
of the dector used here is given on the data sheet3
as 2 × 106 photons
(this rate was not tested in the lab
s
as a precaution against damaging the equipment). At
more than 11 orders of magnitude less than the photon

Characterizing the Single-Photon State

2

production, downconversion events are extremely rare.
Due to the law of energy conservation, the two sets
of downconverted photons, referred to as the signal and
idler beams, must have energies Ei and Es that sum to the
energy of the original photon E p .
Ei + Es = E p

(4)

This means, using Planck’s equation again, that the
wavelengths λi , λs , and λ p , hence the angular frequencies ωi , ωs , and ω p are related in a similar fashion,
hc hc
hc
+
=
λi λs
λp

(5)

ωi + ωs = ω p .

(6)

Due to the law of conservation of momentum, phasematching must apply, so the wave vectors ~ki , ~ks , and ~k p
are related such that
h̄~ki + h̄~ks = h̄~k p
~ki +~ks =~k p .

(7)
(8)

Since the light is propagating through a medium, the
above frequencies and wavelengths are also related by
a dispersion relation,
k=

nω
c

Birefringence and Refractive Indices

"Light speed" is a common shorthand for the speed of
light in a vacuum, but while the speed of light in a vacuum is constant, the actual speed of light varies depending upon the properties of the medium through which the
light travels. Typically, the denser matter the slower the
corresponding speed. The refractive index n is a measure
of this change in speed v, given by the relation
v=

c
n

λ=

(10)

λ0
.
n

(11)

Birefringent materials have the curious property of
having different indices of refraction based upon the polarization and direction of propagation of the light traveling through them. There is one directional axis of propagation where the refractive index is independent of polarization, and this index is referred to as the ordinary index
no . Directional axes perpendicular to this axis have refractive indices that are dependent on the polarization.
For positively birefringent materials, the minimum index
is equal to the ordinary index, while the maximum index
is referred to as the extraordinary index ne . In the case
of the negatively birefringent BBO crystal used here, the
ordinary index is higher and the extraordinary index is
lower. See Table 1 for a the indices of refraction at the
two revelant wavelengths.
It can be seen that both the ordinary and extraordinary
indices are lower for the 810 nm light than for the 405
nm light. By Snell’s law,

(9)

where n is the index of refraction experienced by the photon. Note that the dispersion relation constrains the magnitude of the wave vector, but does not influence its direction. Ultimately, the distributions for the signal and
idler beams center around equal wavelengths and equal
deviation from the original path, but conservation of energy and momentum do not require them to be strictly
equal. For example, having a lower-energy signal photon would require a higher-energy idler photon, reflected
in lower and higher frequencies, respectively. The signal photon would then have a larger deviation from the
original path and the idler photon would have a smaller
deviation.
C.

where c is the speed of light in a vacuum. The higher
the refractive index, the lower the speed. The frequency,
and hence energy of the light is not affected, so to maintain the frequency at a reduced speed the wavelength λ
will have to concomitantly reduce from its vacuum wavelength λ0 , such that

n1 sin θ1 = n2 sin θ2

(12)

where θ is the angle of incidence or refraction, the reduction in refractive index after downconversion will increase the angle of refraction. The downconverted photons diverge from the pump beam and are able to be detected without the need of a dedicated filter to block the
pump beam.
D.

Self-Contained Photon Coincidence Counting Unit

This experiment made use of a self-contained photon
coincidence counting unit (CCU) designed and built by
Georges Larsen4 . It comprises a four-channel single photon avalanche diode (SPAD), an Excelitas Technology
SPCM-AQ4C, that uses silicon avalanche photodiodes to
detect single photons. Individual photons are difficult to
detect: using Planck’s equation for our λ = 810 nm light,
the energy E of a single photon is given by
hc
=E
(13)
λ
(6.63 × 10−34 J · s)(3.00 × 108 ms )
= 2.45 × 10−19 J
8.10 × 10−7 m
(14)
where h is Planck’s constant and c is the speed of light
in a vacuum. This amount of energy is not detectable
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TABLE I. The refractive indices of β -barium borate crystal according to various sources.
405 nm
Sourcea
Eimerl et al. 1987
Zhang et al. 2000
Tamosauskas et al. 2018
a

810 nm

n(o)
1.6923
N/A
1.6918

n(e)
1.5680
N/A
1.5671

n(o)
1.6611
1.6601
1.6601

n(e)
1.5460
1.5440
1.5453

Collated on refractiveindex.info, 8/3/2022.

by conventional means, so an avalanche process is
employed instead5 . A p-n junction, an interface between
two different kinds of semiconductors, is held at a
(somewhat) large voltage, in this case 30 V. This voltage
is against the usually-allowed direction of electric flow
(reverse-biased), and is above the breakdown voltage.
This creates an electric field high enough that introducing a single photon to the depletion layer between the
semiconductors can trigger a self-sustaining avalanche
of electrons, enough to be detected within the SPAD.
The device also requires a quenching circuit to lower the
bias to the breakdown voltage, stop the avalanche, and
reset the SPAD after a detection. The SPAD then detects
the leading edge of the avalanche and simultaneously
outputs a pulse to the field programmable gate array
(FPGA).
The FPGA was used to take the input from the
individual channels and interpret whether or not two
detected photons had arrived at the same time (coincidentally). For cost and durability purposes, the FPGA
chosen was the myRIO-1900. As a consequence the
control program was required to be written in LabVIEW,
National Instruments’ proprietary visual programming
language, which in turn required Larsen to explicitly
implement pulse shaping. In Beck’s lab, this was
accomplished using the "ECOFit" feature exclusive to
the Quartus authoring software used with Altera FPGAs.
Pulse shaping is central to the operation of the FPGA
in detecting coincidences. Electrical signals are not
instantaneous; they take time to rise and fall, and must
be active for a period of time to be considered a signal.
A coincidence is "detected" whenever two individual
pulses from separate detectors overlap. The native pulse
width (the time the pulse is "on") from the SPCM-AQ4C
is 25 ns. The longer the pulse width, the more false coincidences will be reported. Larsen managed to reduce this
width to about 8 ns. His method was simple in theory:
the pulse was duplicated, inverted, and delayed by 8
ns using buffer elements. This inverted, delayed pulse,
when added to the original pulse through an AND gate,
left intact the timing of the rising edge of the pulse while
replacing the timing of the falling edge of the pulse with
that of the falling edge of the inverted, delayed pulse.
This resulted in a much improved temporal resolution.

E.

Distance and Scale

For the downconverted photons to arrive at the same
time, the paths they traveled would need to be the same
length. Care was taken in placing the components, using a ruler, but more rigorous measurement was not employed. To provide a sense of scale, at the speed of light a
single photon would traverse 2.7 m during the 9 ns of the
coincidence window, about a meter longer than the 1.83
m combined path along the optical table and through the
fiber patch cables. Even if the lengths of the paths differed by a full 10 cm the timing for paired photons would
only be off by 0.33 ns, well within the 9 ns window. By
the same token, 405 nm light polarized along the extraordinary axis would spend 16 ps inside the single crystal,
or 2.6ps inside one of the paired crystals.
F.

Parts List

Most of the parts and equipment were ordered from
Thorlabs or were available on-hand at the La Rosa optics
lab. Notably the BBO crystal was ordered from Newlight Photonics, Inc. The two wrenches listed were vital
to the assembly. While most parts could be manipulated
by hand, the wrenches allowed the lens cell adapters to
fully enter the lens tubes, which was necessary to attain
a proper focal length. Additionally, they allowed for delicate adjustments in situ, which was necessary to attain
proper collimation.
• Tools:
– (1x) Spanner Wrench for SM1-Threaded
Adapters (SPW909)
– (1x) Spanner Wrench for SM1-Threaded Retaining Rings (SPW602)
– (1x) Steel Ruler
• Lasers:
– (1x) 404 nm 125 mW Pump Beam Laser
– (1x) 635 nm 25 mW Alignment Laser
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– (2x) Dovetail Optical Rail (RLA300/M 300
mm)

• Fiber Coupler Assemblies:
– (3x) SM1 Lens Tube (SM1L05 0.50" Thread
Depth)

– (6x) Dovetail Rail Carrier (RC1 1/4" M6
Counterbore)

– (3x) Mounted Aspheric Lenses (C220TMDB f = 11.00 mm, NA = 0.25, ARC: 600 - 1050
nm)

– (2x) Mounting Base (BA1SL/M)
– (8x) Ø1/2" Post Holder (PH2 Spring-Loaded
Hex-Locking Thumbscrew, L = 2")

– (3x) Lens Cell Adapters (S1TM09 SM1 to
M9 x 0.5)

– (8x) Ø1/2" Optical Post (TR2 SS, 8-32
Setscrew, 1/4"-20 Tap, L = 2")

– (3x) SM1-Threaded Kinematic Mount for
Thin Ø1" Optics (KM100T)

– (2x) Fiber Patch Cable (PC-HH6D30V01M
1m, multimode, FC connectors)

– (2x) Ø25 mm Colored Glass Filter (FGL780
780 nm Longpass)
– (3x) Fiber Adapter Plate (SM1FC External
SM1 (1.035"-40) Threads, Wide Key (2.2
mm))
– (15x) SM1 Retaining Ring for Ø1" Lens
Tubes and Mounts (SM1RR)
• Polarizer:
– (1x) Glan-Taylor Polarizer (GT5-A 5 mm
Clear Aperture, Coating: 350* - 700 nm)
– (1x) Kinematic Cage Cube Platform for
C4W/C6WR (B4C)
• Half-Waveplate:
– (1x) Air-Spaced 0th Order Waveplate, λ /2 @
405nm (WPA03-H-405 Dia 15.0mm, OD 1"
mounted)
– (1x) Rotation Mount for Ø1" (25.4 mm) Optics (RSP1 8-32 Tap)
• Downconversion Crystals:
– (1x) BBO Crystal (NCBBO5300-405(I)HA3 Mounted, 5x5x3.0mm, cut for Type
I phase matched SPDC pumped by 405nm
with the half opening angle of 3 degrees, AR
coated, OD 1")

– (2x) Mounting Clamp (CL2)
– (1x) Optical Table
III.

PROCEDURE

This procedure was adapted from one used in Beck’s
lab6 .
A.

Setup

Two dovetail optical rails were placed perpendicular
to each other, separated by 85 cm, and secured to the
optical table (Figure 1). Rail A (Figure 2) held the
fiber coupler assemblies, attached using two each of
dovetail rail carriers, post holders, and optical posts.
Rail B (Figure 3) held the pump beam laser, Glan-Taylor
polarizer, half-waveplate, and BBO crystal, similarly
secured. The half-waveplate was installed in the rotation
mount such that 0◦ corresponded to the fast axis being
aligned vertically. Off to the side (Figure 4) another fiber
coupler assembly and alignment laser were attached to
the table as closely together as possible.

– (1x) Paired BBO crystals (PABBO5050405(I)-HA3
Mounted,
size
5x5x0.5mm(each), cut for Type I SPDC
pumped by 405nm with the half opening
angle of 3 degrees. The two crystals are
optically contacted with one crystal rotated
by 90 degrees about the axis normal to the
crystal face.)
FIG. 1. Overview of experimental setup.

• Coincidence Counting Unit:
– (1x) Custom-Built CCM (Excelitas Technology SPCM-AQ4C, myRIO-1900 FPGA)
• Hardware:

The data sheet for the SPCM noted that excessive light
levels would be damaging to the unit, but did not provide
specifics. Care was taken to ensure the CCM was turned
off before exposing the fiber coupling inputs and that
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detatching patch cables, a retaining ring was added next.
The aspheric lens (mounted in a lens cell adapter) was
then added approximately at its 11 mm focal length
away from the fiber adapter plate. The cyclindrical
symmetry of the setup was convenient, necessitating
adjustments in only one dimension.

FIG. 2. Rail A. Fiber coupler assemblies and beam block.

FIG. 3. Rail B. From left to right: BBO crystal, half-wave plate,
Glan-Taylor polarizer, pump laser.

FIG. 4. Fiber coupler assembly, alignment laser, and spanner
wrenches.

the pump and alignment beams were never coupled into
the SPCM. The data sheet also notes a maximum photon
detection efficiency at 700 nm wavelength of 61%,
dropping to about 47% at our desired 810 nm range.

B.

FIG. 5. Fiber coupler assembly interior diagram. From left to
right: fiber optic cable, fiber adapter plate, lens cell adapter and
mounted aspheric lens, longpass filter.

At this point the output from the alignment laser
through the fiber fully saturated the available photodiodes, even without a collimating lens on the other
end, so an alternate fine adjustment method was devised (Figure 5). Since the alignment laser light was
collimated and the desired output would be collimated
as well, the assemblies were alternately used as inputs
(the alignment laser shining into them) and outputs (the
transmitted light sent down the optical table). Each time,
the width of the output beam was measured on a piece of
paper at a distance of one meter. The distance between
the lens and the fiber plate was adjusted until the width
was 11 mm, the width of the lens. In this manner the
lens distance for all three assemblies was optimized,
and a retaining ring was added to each to secure the
lens. As a double-check, the lens input assembly was
adjusted closer to and further from the adapter plate:
both adjustments resulted in a dimming of the output
beam.

Assembly of Fiber Coupler Assembly

The three fiber coupler assemblies were each composed of a lens tube, a fiber adapter plate, a lens and
several retaining rings. First the fiber adapter plate was
inserted in the lens tube and screwed all the way to the
retention lip. Friction would be enough to keep it there,
but considering the frequent torque from attatching and

C.

Gross Alignment

With the fiber coupler assemblies assembled, the
pump laser was briefly turned on to ensure the correct
height and placement of the other components on its rail.
The beam height was also noted and used to place the
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coupler assemblies on the other rail. The ruler was attached to the optical table with the mounting clamps such
that the 200 mm mark was directly in the center, as indicated by the holes in the optical table. The data sheet for
the BBO crystal specified a divergence of θ = 3◦ from
center for the signal and idler beams. With a d = 85 cm
separation, the offset distance x for each assembly was
calculated as
tan θ =

x
d

x
85cm
x = 4.45cm.

tan 3◦ =

(15)
(16)
(17)

So one assembly was placed at the 244.5 mm mark
and the other at the 155.5 mm mark on the ruler and both
were secured to the rail. The pump laser was removed,
and each assembly connected in turn to the assembly
facing the alignment laser. With the alignment laser on,
the alignment knobs on the KM100Ts were manipulated
such that the beam struck the BBO crystal precisely. The
alignment laser was turned off and the assemblies were
connected to the CCU. The room lights were turned
off and the CCU was turned on. Approximately equal
counts were observed on both active channels, but both
were approximately 500 times higher than the readings
on the other two covered channels that served as controls.

D.

Data Collection

As the LabView program was not equipped to output/record information, data were obtained manually.
This was accomplished by clicking the "clear" button
simutlaneously to hitting the start button on a cellphone
timer set for ten seconds, then clicking the desired count
when the timer ran out to freeze it. This method suffers
from a number of drawbacks, most notably the human
error inherent in ambidextrous simultaneity and that
the counter resumes as soon as the mouse is clicked
anywhere else, but was determined to be accurate
enough for the current purposes.
The necessity of darkness for most procedures precluded the use of pencil and paper, so data was recorded
on a small Notepad program in the bottom corner of the
desktop.

E.

Background Noise Reduction

Designed to count single photons, the SPCM was to
be expected to be sensitive. The amount of light leakage into the system, however, was not expected. The

computer monitor was moved and partially covered, a
shield for the SPCM/fiber interfaces was fashioned out
of packing foam and duct tape, and other light sources in
the lab were covered or extinguished, reducing the noise
to about 50 times the dark count level. 780 nm longpass filters were ordered and placed in the lens tubes,
secured with retaining rings, which further reduced the
noise to about 20 times the dark count. The longpass filters are listed by ThorLabs as transmitting 84.8% of 810
nm light, dropping down to 11.5% at 750 nm. Experimentation was resumed at this point, still without achieving results discernable from noise. By happenstance the
experiment was required to move to a different, smaller
lab, where the same setup saw a reduction to about 1.5
times the dark count. The dark count values are provided
in Table II below.

F.

Fine Alignment

At this point Dr. Beck’s procedure called for adjustments to the assemblies’ lateral position to maximize
the observed counts. This required alternating between
adjusting the position and performing the above gross
alignment. (Performed largely in the dark and requiring
the removal and replacement of the longpass filters, this
process remains to be optimized for better efficiency.) It
was discovered that the counts were consistently maximized at the calculated 3◦ separation. These steps may
be necessary for thinner or paired BBO crystals, but it
is not recommended for achieving downconversion with
the given apparatus. Of utmost importance, however,
was the alignment of the crystal and orientation of the
half-wave plate.
The half-wave plate was rotated to maximize coincidence counts, at this point in the range of three every ten
seconds. Once the polarization was optimal for downconversion, the BBO crystal was adjusted using the finetuning knobs on the mount. The fine-tuning knobs on
this particular mount were so fine that even a full turn
did not result in any noticible change in frequency of coincidence counts. However, since the count rate was sensitive to adjustments in the horizontal tilt, manual manipulation of the mount proved to increase and decrease
counts. After adjustment, individual counts increased
one hundredfold and coincidence counts increased by
four orders of magnitude. Downconversion was confirmed by rotating the half-wave plate: as the polarization of the incident light changed, the coincidence count
dropped from the maximum down to zero, then back up
again (see Figure 7).
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G.

Paired Crystal

The single BBO crystal was replaced with the paired
BBO crystals, and the above alignment procedure was
repeated. Due to the much reduced thickness (from
3 mm down to a total of 1 mm), the observed counts
were significantly decreased. Also of note was the
90◦ rotation between the two crystals. This resulted
in the incident polarization that optimized counts for
one crystal to be perpendicular to the polarization that
would have optimized counts for the other crystal. That
is to say, when one crystal produced downconversion
the other would not, further reducing the effective
thickness to that of a single crystal (0.5 mm). The
vertical crystal would require an optimal half-waveplate
angle at 45◦ and the horizontal crystal would have an
optimal half-waveplate angle at 0◦ . At half way between
the optimal angle for each crystal (22.5◦ ) each photon
would have an equal chance to be downconverted by
each crystal, introducing uncertainty into the system.

IV.

RESULTS

Table II displays the counts per 10 seconds observed
under different experimental conditions. All data was
taken with the coincidence window set to 9 ns, the
longpass filters installed, and the pump laser powered.
With the longpass filters blocking most of the visible
light coming to the end of the fiber, this demonstrates
the likelihood of light leaks on the way to the SPCM. Of
note are the counts for "lights on", coming in at 307,547
and 265,173 counts per second. These are well below the
continuous maximum count rate of two million counts
per second listed in the data sheet3 , so it was deemed safe
to keep the CCU powered with the room lights on and the
coupler assemblies connected. Detector channels C and
D were securely covered at the detector with tight-fitting
opaque rubber covers, and are included here as a dark
count baseline. This information is presented in Figure
6, with the A and B counts with the lights on in the lab
omitted for scale. The experimental dark counts (A and
B) were reduced to the same order of magnitude as the
control dark counts (C and D), and this amount of noise
was deemed low enough for experimentation to continue.
Table III shows observed counts prior to the final
adjustment. Despite very few coincidence counts, the A
and B detection rates were still affected by rotation of
the half-waveplate, which pointed to the occurrence of
downconversion.
With the pump laser powered, the half-waveplate was
rotated through 360◦ at intervals of 10◦ (Figure 7). The
counts can be seen to rise as the angle is increased to

7
TABLE II. Photon counts under different noise conditions. All
data are in units of counts per 10 seconds.
Detector A
Detector B
Detector C
Detector D

Lights On
3075471
2651726
3735
3237

Lights Off
9112
10995
4045
3479

Monitor Covered
5220
6047
4028
3463

FIG. 6. Counts observed under different experimental conditions with laser unpowered.

45◦ and fall as the angle was increased to 90◦ , with the
pattern repeating at the same interval through the entire
rotation. The optimal waveplate angle was determined
to be 46◦ . It was expected that the individual counts
would mostly result from scattered pump beam light.
However, since the counts were so dependent on the
angle of the half-waveplate, it was determined that
they resulted from downconverted photons whose twins
either missed the other detector or arrived outside of the
coincidence window. The number of coincidence counts
was significantly lower than either individual detector,
so for clarity the coincidence counts are plotted alone in
Figure 8.
With the optimal half-waveplate angle determined, the
coincidence window was varied (Figure 9). With the
window above 7 ns, a linear relationship was observed.
Below 7 ns the counts varied with each measurement and

TABLE III. Photon counts at various half-wave plate angles θ
prior to final adjustment. All data are in units of counts per 10
seconds and angles in degrees.
θ:
0
30
60
90

Detector A
9322
17791
19167
9612

Detector B
14608
22114
23750
14443

Coincidence
0
1
4
0
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FIG. 7. Counts observed at varying half-waveplate angles using
single BBO crystal.

FIG. 9. Coincidence counts observed with varying coincidence
window timing using single BBO crystal.

FIG. 8. Coincidence counts observed with varying coincidence
window timing using single BBO crystal.

FIG. 10. Coincidence counts observed with varying coincidence window timing using paired BBO crystal.

appeared to be random errors, as the CCU was not designed for use with that small of a coincidence window.
Figure 10 displays the counts observed when the single BBO crystal was replaced with the paired BBO crystal. A significant variation with half-waveplate rotation
was not observed, consistent with, but not proving, entanglement.

acquired. To continue further after that would require
two more half-wave plates and eventually a birefringent
plate, including the requisite mounting hardware.

V.

CONCLUSION

We have shown that using far less expensive components than those traditionally used in quantum optics
experiments, downconversion can be achieved in an undergraduate lab. Further research is required, specifically
using two more polarizers to prove the entanglement
of the downconverted photons produced in the paired
crystals. In order to perform the Grangier, Roger, and
Aspect7 experiment, another half-wave plate will be
required but a polarizing beam splitter has already been

The most pressing barrier to further progress is currently the LabView program. Improvements will need to
be made to data display, collection, and output in order
to facilitate more accurate results. Interfacing with stepper motors, possibly through Arduino microcontrollers,
would allow for fine control of plate rotation. A time-toamplitude converter (TAC) may be necessary, but may
also be able to be created digitally.
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